1. Introduction {#s0005}
===============

Heart failure (HF) is a global pandemic: according to some estimations, it affects around 26 million people worldwide \[[@bb0005]\]. Also, its prevalence grows continuously. For instance, in the US a 46% increase in its prevalence is expected by 2030 \[[@bb0010]\]. On the other hand, HF incidence is reported to be stable or even decreasing in several studies \[[@bb0015]\]. This could be explained by more accessible and effective treatment, and an extended life span of the population. We may anticipate, with some confidence, a drastic change in the demographic characteristics of HF patients in the future. They will be older and have more comorbidities as well as being frailer.

Frailty is a complex condition that results from the loss of physiological reserve across multiple systems. It manifests clinically as an increased vulnerability to adverse outcomes when faced to disease or even mild stress \[[@bb0020]\]. Frailty acts as a marker of biological age and is more closely associated with prognosis than chronological age \[[@bb0025]\]. In the Canadian Study of Health and Aging, it was the most important predictor of death and institutionalization with an odds ratio (OR) of 7.28 and 95% confidence interval (CI) of 5.01--10.58 among mildly frail people and 8.64 (95% CI = 4.92--15.17) among severely frail people \[[@bb0030]\].

Unfortunately, there is no universal method for measuring frailty. Two approaches summarize the multiple scales and definitions used across clinical studies: the frailty phenotype and the geriatric assessment. The former was developed and validated by Fried and colleagues in the Cardiovascular Health Study and describes a patient as being frail when three or more features are present from five specific measures: unintentional weight loss, exhaustion, slow walking speed, weakness and low physical activity \[[@bb0035]\]. The latter is a more holistic approach that involves the inclusion of four validated geriatric tools to assess domains of functional autonomy, cognitive deterioration, emotional disturbances and social risk \[[@bb0040]\]. Both are time-consuming and require special knowledge or instruments and would encounter resistance for application in every-day practice. There have been attempts to simplify frailty determination, such as the Clinical Frailly Scale (CFS), which correlates well with the Frailty Index \[[@bb0045]\].

The presence of frailty should be considered in the aging HF population, and it was investigated to some extent. It was shown to occur frequently in patients with HF, with a prevalence ranging from 15 to 74%, depending on the studied population and the method of assessment \[[@bb0050]\]. Also, it is associated with adverse outcomes during hospitalization, as well as events in the short and long term \[[@bb0055], [@bb0060], [@bb0065], [@bb0070]\]. Despite its importance, it is not accounted for in any prognostic score for HF as the MAGGIC score or the Seattle Heart Failure Model \[[@bb0075],[@bb0080]\], and no frailty scales have been specifically validated for HF.

We proposed in this study to determine the performance of a simple and well-validated bed-side frailty scale to predict 1-year mortality in elderly patients admitted for acute HF in a tertiary hospital.

2. Methods {#s0010}
==========

We conducted a prospective, observational and analytical single-center study in a University Hospital in Buenos Aires, Argentina. We screened all hospitalizations with a primary diagnosis of acute heart failure from June 1, 2016 to May 31, 2017, both in the general ward or in the Coronary Care Unit. All patients who gave their consent to participate were included in this study, following the principles of the Declaration of Helsinki and local regulation for protection of medical data. The study protocol was approved by the Bioethics Committee of the Hospital.

Patient\'s age, sex, and clinical data were obtained from the medical history. Comorbidities, previous medical treatment, and NYHA (New York Heart Association) class were recorded. The cause of decompensation and in-hospital medical treatment were evaluated, as well as left ventricle ejection fraction if an echocardiogram was performed. Patients were called by telephone 1 year after the hospitalization to determine their vital status or rehospitalization. When it was not possible to reach them or their next of kin, hospital records were reviewed.

Frailty was assessed be means of the CFS. This semi-quantitative instrument classifies patients into 9 categories, where 1 is the least frail and 9 is the frailest ([Fig. 1](#f0005){ref-type="fig"}). Patients were then divided into non-frail with a score of 4 or less, or frail with a score of 5 or more.Fig. 1Clinical frailty scale. ©2007--2009 Version 1.2. All rights reserved. Geriatric Medicine Research, Dalhousie University, Halifax, Canada. Permission granted to copy the Clinical Frailty Scale for research and educational purposes only.Fig. 1

The primary end-point was 1-year mortality. In-hospital mortality and readmission rates were analyzed as secondary endpoints.

Sample-size calculations showed that 102 hospitalizations would be necessary to achieve an 80% power to detect a 25% difference in the primary end-point. Based on previous hospital statistics, we estimated that this amount of hospitalizations could take place within 1 year. The variables are presented as mean and standard deviation (±SD) or frequencies. A two-sided *t*-test was used to compare continuous variables if normally distributed, or a Wilcoxon test if not normally distributed. For categorical variables, chi-square test or Fisher\'s test were used, respectively. A logistic multivariate regression model was used to assess 1-year mortality in frail or non-frail patients adjusting for baseline clinical characteristics. All calculations were done with STATA v11.1. Statistical significance was considered if the *p*-value was \<0.05.

3. Results {#s0015}
==========

There were 101 hospitalizations with a primary diagnosis of heart failure from June 1, 2016 to May 31, 2017. Only 1 patient declined to participate in this study. The mean age was 77 ± 13.4 years, 56% were men and 86% were admitted to the general ward. 41% had an ejection fraction of the left ventricle of \<40%. Most patients had some risk factor or comorbidity: 78% were hypertensive, 52% had chronic heart failure (60% in NYHA class II and 26% in class III), 23% had coronary disease, 36% were diabetic, 33% had atrial fibrillation, 24% had chronic renal disease and 24% had COPD. The most frequent causes for decompensation were disease progression (22%), infection (19%), atrial supraventricular tachycardia (15%), and non-adherence to diet (11%). All baseline characteristics and outcomes are presented in [Table 1](#t0005){ref-type="table"}.Table 1Baseline characteristics of the population.Table 1VariableMean or frequencyTotal (n = 100)Frail (n = 26)Non-frail (n = 66)Age77 ± 13.480 ± 11.371 ± 13.6Males56%30.77%62.12%HistoryHypertension78%75.76%88.46%Diabetes36%34.62%40.91%Smokers27%23.08%28.79%Former smokers23%19.23%22.73%Dyslipidemia7%7.69%7.58%Obesity7%11.54%6.06%Coronary disease23%19.23%24.24%Chronic Heart failure52%69.23%43.94%Ejection fraction \<40%51%35.29%55.36%Peripheral artery disease5%0%6.06%Renal disease24%19.23%22.73%Stroke4%7.69%3.03%Atrial fibrillation33%34.62%30.30%COPD10%11.54%9.09%Pacemaker8%3.85%9.09%MedicationACE inhibitors36%38.46%36.36%ARBs27%30.77%27.27%Beta blockers60%69.23%57.58%Mineralocorticoid receptor inhibitors24%26.92%24.24%Calcium channel blockers12%7.69%13.64%Aspirin32%23.08%36.36%Statins35%38.46%36.36%Furosemide49%42.31%48.48%Anticoagulants27%26.92%27.27%Amiodarone9%11.54%9.09%Digoxin3%3.85%3.03%Decompensation motiveProgression22%29.17%25.42%Non-adherence to diet11%4.17%10.17%Lack of medication9%8.33%10.17%Supraventricular tachycardia15%4.17%22.03%Infection19%41.67%15.25%Renal failure5%8.33%3.39%Others9%4.17%13.56%Unknown10%13.56%10.61%EtiologyIschemic37%38.89%32.65%Chagas6%5.56%10.20%Valvular18%22.22%28.57%Idiopathic6%5.56%10.20%Others13%27.78%16.33%Unknown30%30.77%27.27%NYHA classI9%5.00%9.52%II60%30.00%68.25%III26%55.00%19.05%IV5%10.00%3.17%HospitalizationIntensive care14%3.85%18.18%General ward86%96.15%81.82%CFS17%----214%----332%----418%----59%----610%----79%----81%----90%----MortalityIn-hospital10.2%8.00%7.69%1-year40.96%59.09%29.09%

The total mortality rate was 10.20% for in-hospital deaths and 40.96% after 1 year of follow-up, with complete data for 83 patients.

Frailty was present in 28% of the patients, according to the CSF. It was not associated with in-hospital mortality (RR = 1.04; 95% CI = 0.22--5.02; *p* = 0.96). There was a significant association between frailty and 1-year mortality (RR = 2.03; 95% CI = 1.18--3.48; *p* = 0.014). Frail patients had a 59.09% 1-year mortality, while for non-frail patients it was 29.09% (*p* = 0.014). 1-year mortality according to the CFS can be visualized in [Fig. 2](#f0010){ref-type="fig"}.Fig. 21-year mortality per CFS.Fig. 2

Finally, we constructed a logistic regression model with a forward-selection stepwise approach. The variables significantly associated with an increase in 1-year mortality in the final model were frailty, advanced age, increased heart rate at admission, history of dyslipidemia, COPD or peripheral artery disease, reduced blood sodium level, and treatment with furosemide. Treatment with aspirin, beta blockers, calcium channel blockers and aldosterone antagonists showed a protective effect. Frailty assessed by means of the CFS was therefore significantly and independently associated with 1-year mortality (OR 2.97; 95% CI = 1.16--7.59; *p* = 0.023, [Fig. 3](#f0015){ref-type="fig"} \[[@bb0085]\]).Fig. 3Adjusted mortality odds ratio.Fig. 3

4. Discussion {#s0020}
=============

HF and frailty are closely related, both in their pathogenesis and impact on prognosis. They are systemic syndromes, in which inflammation has been well established as contributing to their development, adverse prognosis and progression. High levels of inflammatory markers in HF patients (IL-6, CRP and TNF alpha) have been associated with muscle loss, cardiac cachexia and declining physical function, factors known to play an important role in frailty \[[@bb0090]\]. Simultaneously, frail patients show elevated levels of inflammation markers: white blood cells, interleukin 6, C-reactive protein, factor VIII, fibrinogen and D-dimer \[[@bb0095]\]. Also, endothelial dysfunction can contribute to worse outcomes in HF, and the analysis of results from the Toledo Study for Healthy Aging revealed that endothelial function is impaired in frail patients \[[@bb0100]\]. Age alone is recognized to contribute to cardiovascular disease, since senescent cardiomyocytes are characterized by prolonged relaxation, diminished contraction velocity, a decrease in β-adrenergic response, and increased myocardial stiffness \[[@bb0105]\]. Cardiac changes with chronological aging are multiple (increased vasoconstriction and impaired vasodilatation, increased atherosclerosis, reduced vasodilatory capacity, impaired microvascular function, increased left ventricular mass and stiffness, increased prevalence of atrial fibrillation) \[[@bb0110]\], but they seem not to explain on their own the worst prognosis associated with biological aging or frailty.

In this study, we demonstrated that frailty is an independent prognostic factor for 1-year mortality, using a simple and fast scale for its assessment. These findings are similar to several others reported in the past. The FRAIL-HF study evaluated frailty in 450 patients admitted because of acute heart failure in Spain \[[@bb0115]\]. It used the Freid criteria to determine frailty status, and found it was significantly associated with 1-year all-cause mortality (HR = 2.13; 95% CI = 1.07--4.23). Another study performed in the United Kingdom in 265 hospitalized heart failure patients showed that the addition of the CFS to a predictive model enhanced its performance compared with a base model. It also showed that frailty is related to the nutritional status \[[@bb0120]\]. In Japan, the frailty of 181 patients was retrospectively assessed after discharge by means of grip strength and performance measures. During 2 years of follow up, subjects who met all the criteria had a 4 times greater risk of cardiac events compared with those with no frailty criteria \[[@bb0125]\]. Finally, in the USA, a cohort of 56 consecutive hospitalized HF patients showed a higher risk for 6-month readmission or mortality if they had a weak grip and cognitive impairment \[[@bb0130]\].

Unfortunately, there is no validated tool to assess frailty in HF patients. A systematic review showed that, in 20 studies published in 24 articles, 7 different instruments were used \[[@bb0135]\]. The most frequently used was Fried\'s Frailty Phenotype, followed by the Comprehensive Geriatric Assessment. Only 5 of the 20 identified studies evaluated hospitalized patients due to acute HF, and most investigated chronic or advanced heart failure patients.

Since the most common used instruments to assess frailty are time-consuming and require special knowledge or instruments, we intended to determine the performance of a simple and fast instrument for the risk assessment of hospitalized HF patients. The CFS can be calculated by the attending physician in a matter of seconds and has some advantages over simply "eye-balling" the patient; it establishes a numerical value (however subjective), and it compels the physician to thoroughly consider his patient\'s frailty status. No HF risk assessment tool considers frailty as a prognostic factor, but there is enough evidence that it is strongly and independently related to hard outcomes. It should be accounted for in future risk models, and in the meantime implemented in everyday clinical practice.

The principal limitations of this study are the small sample size that did not allow the evaluation of multiple outcomes, and the lack of comparison with other frailty assessment tools. Also, because it was done in a single center with high-risk patients, its results should be considered with caution before extrapolating to the general population.

5. Conclusion {#s0025}
=============

Frailty was associated with a 2-fold increase in the in 1-year mortality risk after a hospitalization due to acute heart failure. It was assessed with the CFS, which can be implemented easily in clinical practice. It should be considered in future risk models, since it is independently linked to worse outcomes.
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